Abstract-The contribution in this paper is to consider distributed quasi orthogonal space-time block coding (D-QO-STBC) for two-way (TW) wireless relay networks. In particular we exploit a two time slot protocol and both open-loop and closedloop D-QO-STBC with full cooperative diversity. In the openloop approach constellation rotation is exploited to improve performance, whereas two feedback terms are used in the closedloop schemes. Our end-to-end bit error rate simulations show that TW closed-loop D-QO-STBC and rotated open-loop D-QO-STBC are approximately 8 dB and 7.5 dB better than the distributed Alamouti TW approach at 10 −4 bit error rate (BER), which confirms the advantage of four relay schemes in relay networks.
I. INTRODUCTION
Space time block coding (STBC) is a common technique applied in multi-input multi-output (MIMO) wireless communication systems, which has proved to be a very effective technique to leverage spatial diversity and provide full data rate [1] [2] . Owing to cost constraints, size limitation and hardware complexity, it is usually difficult to co-locate multiple antennas at one mobile communication node. It is, moreover, hard to achieve spatially uncorrelated channels in many point-to-point MIMO systems. However, STBC can be extended to cooperative systems [3] , in the form of distributed space time block coding (D-STBC). By sharing antennas of different users, the reliability of transmission and full transmitter diversity can thereby be achieved [3] [4] [5] . The most widely used D-STBC strategies are focused on the case of two relay nodes using the Alamouti scheme [1] , which provides half data rate and full cooperative diversity equal to the number of relays. Cooperative diversity was proposed to improve the reliability and capacity of transmission [4] and [6] without using multiple antennas at the individual nodes. There are essentially three methods of cooperative diversity amplify-and-forward [4] , [7] , decode-and-forward (DF) [6] , [4] and coded cooperation. Jafarkhani [8] , Tirkkonen, Boariu and Hottinen [9] proposed STBC from quasi-orthogonal designs, where the orthogonality is relaxed to provide higher symbol transmission rate. With the quasi-orthogonal structure, the maximum likelihood (ML) decoding at the receiver can be performed by using pairwise decoding as in [8] , but full diversity is not obtained. Su and Xia in [10] design QO-STBC with full diversity and fast ML decoding, they proposed that half of the symbols in a quasi-orthogonal design are from a signal constellation A and another half of them are selections from the rotated constellation e jΦ set A. Two-way communication is another common communication method where two terminal nodes exchange their information between each other [11] . The TW channel was first considered by Shannon [12] , who derived inner and outer bounds on the capacity region. Recently, considering the TW channel over relay networks (TWRC) has increased the interest from both academic and industrial communities [13] - [15] due to its potential application to enable range-rate enhancements of future cellular systems. By considering TWRC as a component of a general wireless network, TWRC could also lead to network resources saving in multi-hop networks such as sensor networks and ad hoc networks. In this paper, based on [10] we propose distributed rotated open-loop QO-STBC for two-way wireless relay networks so that overall unity rate is achieved with full cooperative diversity in each hop. We also propose distributed closed-loop QO-STBC for two-way wireless relay networks to obtain full cooperative diversity with array gain. The paper is organized as follows, Section II describes the system model of the TW relay wireless network. In Section III distributed open-loop quasi-orthogonal protocol using two time slots is introduced. In Section IV distributed closed-loop quasi-orthogonal protocols using two time slots are presented. Simulation results are shown in Section V. The final section summarizes this paper. In this paper,
* , |.|, ℜ{.} and {.} H denote transpose,conjugate, absolute value, real part of a complex number and Hermitian (complex conjugate transpose) operations , respectively. CN (0, σ 2 ) represents a Gaussian distributed complex random variable with zero mean and standard variance of σ 2 (i.e.0.5σ 2 per dimension).
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II. SYSTEM MODEL Consider a wireless network with four relay nodes R i , i = 1 to 4, and two terminal nodes T m , m = 1, 2 as shown in Fig.1 . Every node has a single antenna, which can not be used for transmit and receive simultaneously(half duplex). We assume that the uplink channel gain from T m to R i is identical to the downlink channel gain from R i to T m . Denote the channel from T 1 to R i as f i , and the channel from T 2 to R i as g i . We assume that the channels and the noise are Rayleigh flat fading, f i and g i are independent and identically distributed (i.i.d) with zero mean and unit variance. There is no direct link between the T 1 and T 2 as we assume the distance and/or shadowing is such that reliable transmission is impossible. We also assume that the channel information is unknown at the relays but perfect channel information, f i and g i , is available at both terminals [16] . Assuming that terminal T m wants to send the signal
T to the other terminal, where s m,t ∈ A m , m = 1, 2 , t = 1, · · · , k, A m is a finite constellation with average power 1,and k is the length of each time slot. E{S H m S m } = k [11] . We assume relays use a distributed space-time protocol. When all relay nodes receive signals from both terminals such as the first time slot, the received signal can be expressed as
where S m is the transmitted signal by T m , n r,i ∼ CN (0, 1), is the additive white Gaussian noise at the ith relay node and P T m is the average power of terminal we assume that the total power is P ,P 1 = P 2 = P R = P 3 where P R is the power at the relays.. We assume that all the noise terms in this paper are additive zero-mean white circular complex Gaussian variables with unity variance (i.e., σ 2 = 1. The relay node amplifies the received signal and is designed to be a linear function of its received signal and its conjugate and broadcasts it to the two terminals and can be expressed as.
where the matrices A i and B i are two T x T matrices and are used to perform the D-QO-STBC at the i-th relay [16] and β is the amplification factor to maintain an average transmit power P R at the relay nodes which can be represented as [11] . At the second time slot both terminals will receive signals from the ith relay, the received signal can be expressed as
where t i is the transmitted signal by the ith relay node, and w Tm ∼ CN (0, 1) is the additive white Gaussian noise at T m . From equations (3) and (4), the received signals at the two terminals can be re-written as follows
where
and
The maximum-likelihood (ML) decoding is arg miň
whereŠ is the possible code matrices for QPSK.
III. DISTRIBUTED QUASI-ORTHOGONAL ROTATED OPEN-LOOP PROTOCOLS FOR TW USING TWO-TIME SLOTS
We consider the four relay node mode D-QO-STBC for two-way communications as shown in Fig.1 , we assume that there is no channel state information (CSI) at the relays, but full CSI at the both terminals. In the first time slot, both T 1 and T 2 send their information to all the relays simultaneously.
The QO-STBC code word which has to be generated by the relays has the following structure
where x 1 ,x 2 ∈ A and x 3 ,x 4 ∈ e jΦ A for some signal constellation A, and the rotation angle Φ is determined by the signal constellation A [10] . In the second time slot, the relays R i transmit the received information from both terminals scaled by β to maintain average power P R . The QO-STBC we propose achieves full rate and full diversity. In our model the four relay nodes are designed to use the following matrices as in [16] :
where the matrices A k and B k are two 4 x 4 matrices that depend on the D-STBC. In this paper, the special cases when either A k = 0 and B k is unitary or B k = 0 and A k is unitary are considered as in [16] . Under this special case, the i-th column of the code matrix can contain either the information symbols or their conjugates only, as in (11) and the following variable can be defined as folloŵ
Therefore the received signal can be represented as shown in (5) and (6), and the channel matrix in (5) and (6) can be written as follows
and the noise vector can be written as in (11) . Pairwise decoding can be used as described in [8] .
IV. DISTRIBUTED QUASI-ORTHOGONAL CLOSED-LOOP PROTOCOLS FOR TW USING TWO-TIME SLOTS
In order to achieve full diversity, the data signals transmitted from the third and fourth relays, which are denoted as t 3 and t 4 are multiplied by U 1 and U 2 , as shown in Fig. 2 , before they are transmited to both terminals, while the other two relay nodes are kept unchanged. In our model we adopt a feedback scheme as in [17] to determine the value of U 1 and U 2 as follows U 1 = e jθ1 and U 2 = e jθ2 , where θ 1 and θ 2 are phase rotation angles. Therefore, the data signals transmitted from the relays to T 1 and T 2 as in (2) can be written as:
Therefore, the received signals at both terminals can be represented as in (5) and (6), where the channel vectors in (5) and (6) can be written as:
wheref k andĝ k can be obtained as in (14) and (15), and h k , k = 1, 2, 3 and 4 can be obtained as in (10) and the noise vectors in (5) and (6) can be written as:
The decoding is as represented in (12) .
V. SIMULATION RESULTS
In this section, we show simulated performance of distributed closed-loop D-QO-STBC and open-loop D-QO-STBC. The error measure is the end-to-end bit error rate (BER). The information symbols are modulated as QPSK. We fix the total power consumed in the whole network as P . In Figure 3 , the horizontal axis indicates the total power used in the whole network and the Y axis indicates BER. We assume that the total power is P , P T1 = P T2 = P R = P 3 where P R is the total power at the relays, and P Ri = PR 4 , i=1,..,4. In Fig. 3 
